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FOREWORD

This report describes a method for the growth of whisker crystals of
ionic compounds and for obtaining spectra of foreign ions incorporated
in alkali halides without the necessity of growing large single crystals.
The work was funded under Task area ZR02402.

This report was reviewed for technical accuracy by William R.
McBride.

Undex authority of

Approved by

E. B. ROYCE, Head W. B. HAFF

Rzsearch Department CAPT., U. S. Navy
Commarnder

Released for publicatiom by
R. M. HILLYER

Technical Director

30 April 1980

NWC Technical Publication 6185

Publigshed DY..covceccsccnscsssocacssso.Technical Information Department
colhtioﬂ 0008000000 EEO0NCR0RINITIVOOIRTBOOOISOITIRIIPSEIETLY COV.t, 7 lm“
rir't Pfiﬂtiﬂs [ AR NN RSN NS ENEEENNENNNENERENESENENEN NN N 120 mb.t.d copi“




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

] REPORT DOCUMENTATION PAGE BEFOLE CoNPL Ere FORM

1. REPORT NUMBER . GOVY ACCESSION NO.J 3. RECIPIENT’'S CATALOG NUMBER

NC TP 6185 AP'PW[ S 763

4. TITLE (and Subtitle) $. TYPE OF REPORT & PERIOD COVERED E

‘ SPECTRA OF PRESSED DISKS OF ALKALI HALIDE ;

WHISKER CRYSTALS INCORPORATING FOREIGN IONS Research Report '

N 6. PERFORMING ORG. REPORT NUMBER ;
7. AUTHOR(s) 8. CONTRACY OR GRANT NUMBER(s)

Marian E. Hills 1

Allen L. Olsen

T v T
. 10. PROGRAM ELEMENT, PROJECT, TASK
9. PERFORMING ORGANIZATION NAME AND ADDRESS ARES S NULBENS

Naval Weapons Center i
China Lake, CA 93555 Task area ZI‘(-(FbOZ !

J74. MONITORING AGENCY NAME & ADDRESS(/( different from Cantrolling Office) 15. SECURITY CLASS. (of this report)

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE. }
Naval Weapons Center m ,u‘},ﬂﬂ f,,l,?ggs !
China Lake, CA 93555 ) 12 ;

UNCLASSIFIED

18s. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

- 16. DISTRIBUTION STATEMENT (of this Report)

Approved for public resease; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ebstract satered in Black 20, I diiferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eide i necessary and identify by dlock number)

Crystal Growth
Whiskers ;
Spectra

Alkali Halides

20, ABSTRACT (Continue on reveree side if y and i fy by block number)

See back of form.

DD S M3 R o arkem T UNCLASSTFIED
SECURITY CLASSITICATION OF THIS PAGE (When Data Bntered)

e )




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entersd)

(U0) Spectra of Pressed Disks of Alkali

llalide Whisker Crystals Incorporating Fareign
Ions, by Marian E. Hills and Allen L. Olsen. - '
China Lake, Calif., Naval Weapons Center,
April 1980. 12 pp. (NWC TP 6185, publication
UNCLASSIFIED.)

Alkali halide whisker crystals of KC1,
KBr, KI, and NaCl were grown readily by allow-
ing aqueous solutions of the salts to pass through -7 e
porous glass. Whisker crystals of alkasli halides / L (';) & ,/[,‘!
doped with MnO;, C10;, and C103 [WeFe also grown; | |7V Sy RIS
not all dopants wére used witli 31l host lattices. oy Q 03 (‘)
The whisker crystals may be pressed into disks e
suitable for obtaining optical spectra. The e
absorption bands in the spectra of disks pressed
from doped whisker crystals were sharper than the
spectra of disks pressed from a mechanical mixture
of the alkali halide and the dopant. The versa-
tility of the porous glass technique for the
growth of whisker crystals is clearly demonstrated.

f_)

)

UNCLASSIFIED

SECHAITY CLASSIFIUATION OF THIS PAGE(When Date Entered)




ey A

T e

A AR e g e % B

NWC TP 6185

The feed solutions were unsaturated aqueous solutions of the alkali
halides, either pure or containing small amounts of the ion of interest.
The composition of the pure solutions employed is shown in Table 1.

TABLE 1. Composition of Pure Alkali Halide Feed Solutions.

Salt Grams of salt/ Percent of
100 grams solution saturation at 20°C
NaCl 20 76
KC1l 19 76
KBr , 32 82
K1 40 68

The whisker crystals were pressed into disks 7/8-inch in diameter
under vacuum and at a pressure of 133,000 psi.5 Some whisker crystals
were pressed into disks in the condition in which they were harvested
and some were broken up by vibrating them together with three 5/32-inch
steel balls in a capsule for one minute.

The infrared spectra were run on a Perkin-Elmer Model 137, 221,
or 621 spectrophotometer and the ultraviolet and visible spectra on a
Perkin-Elmer Model 202 or a Cary Model 14R spectrophotometer.

RESULTS AND DISCUSSION

Alkali halide whisker crystals grow readily on porous glass, parti-
cularly silicone rubber coated porous glass (Figure 2). The formation
on a porous glass tube of a whisker-crystal coverirg a centimeter thick
in 24 hours is not unusual.

A photomicrograph of alkali halide whiskers is shown in Figure 3.
The visual clarity (transmission) of pressed disks of alkali halide
whiskers is shown in Figure 4. The photographs of the disks were taken
shortly after they were pressed and indicate that better quality disks

can be obtained from broken whiskers (those shaken with steel balls) than
can be obtained from unbroken whiskers. The ultraviolet spectra of disks

of pressed whiskers show good transmission into the ultraviolet region;
the ultraviolet spectrum of a potagsium bromide disk is shown in
Figure 5.

5 Allen L. Olsen. "Potassium Bromide Pellet Technique," Anal.
Chem., Vol. 31, No. 2 (February 1956), pp. 321-22.
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FIGURE 5. Ultraviolet Spectrum of a Disk Pressed From
Potassium Bromide Whiskers.

Whisker crystals were grown from various alkali halide solutions
containing small amounts of permanganate, perchlorate, chlorate, sulfate,
chromate, dichromate, lead, or ammonium ions. Sharp absorption bands in
the spectra of pressed disks were found which could be associated with
permanganate, perchlorate, or chlorate ions. The infrared spectra for
these are shown in Figures 6-8. For purposes of comparison spectra are
also shown for disks pressed from a physical mixture of Harshaw KBr pow-
der and small quantities of potassium permanganate, potassium perchlorate,
or potassium chlorate. Figure 9 shows the spectra of perchlorate ion
in potassium chloride, potassium bromide, and potassium iodide.

The spectrum for perchlorate agrees with that obtained by Hisatsune
and Linnehan® after they had heated pressed disks of ClOg:KCl to change
the broad band near 1120 cm~! to a pair of sharp bands at 1133 and
1119 cm~! for use in their study of the kinetics of the decomposition
of the perchlorate ion, .

6 1. C. Hisatsune and D. G. Linnehan. "Thermal Decomposition of
the Perchlorate Ion in a Potassium Chloride Matrix," J. Phys. Chem.,
Vol. 74, No. 23 (1970), pp. 4091-95.
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Some KBr from the same supply used to make feed solutions was ground
by hand in an agate mortar, sieved (particle sizes ranged from 44 m to ;
74 um), and pressed into a disk; its IR spectrum showed some bands. i
Heating the KBr near its melting point or fusion before grinding and ;
' pressing resulted in the reduction of some of the impurity bands. The
3 extent of impurity bands in pressed KBr disks varied from bottle to bottle
: of material used to prepare feed solutions, even for the same manufacturer.

Since some impurity bands appeared both in disks pressed from the bulk KBr
and whisker KBr, it appears that recrystallization at room temperature did
not remove the source(s) of all the impurity bands.

X~-ray measurements of a few of the KBr whiskers showed that they had i
grown in the <100> direction. This is the same as the reported behavior
for KBr’ grown on cellophane.

Whiskers were grown from aqueous KC1-KBr solutions. X-ray diffrac-
tion patterns showed that the whiskers were mixed crystals and not a
mechanical mixture of KCl whiskers and KBr whiskers. Solubility data
show that potassium chloride and potassium bromide form a completely
miscible system at room temperature. Attempts to press KC1-KBr whiskers !
into disks were not successful; the disks cracked in a radial pattern.

CONCLUSIONS

For some ionic compounds whisker crystals can be grown readily from
porous glass in such quantities as to make them useful for pressed
pellet work. The pellets may be used:

1. To obtain spectra of ions in various crystal lattices.

: 2, To obtain some indication of the solubility of ions in various
1 lattices by optical means without the necessity to grow large single
crystals of the material.

3. To obtain specimens for use in kinetics studies.
ACKNOWLEDGMENT

The authors thank Gerald B. Ansell and Lohr A. Burkardt for the
X~-ray determinations.

7 B. E. Powell and Byron M. McKibben. "Alkali-Halide Filamentary
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